R appaport-Vassiliadis (RV) medium is a widely used selective enrichment medium that is reported to be superior to other selective enrichment media for recovery of Salmonella from foods with high levels of competitive microflora (1-11). In 1990, the International Organization for Standardization (ISO) adopted it for use with food (12). In 1995, AOAC INTERNATIONAL adopted it for use with raw flesh, highly contaminated foods, and poultry feed (13).
R appaport-Vassiliadis (RV) medium is a widely used selective enrichment medium that is reported to be superior to other selective enrichment media for recovery of Salmonella from foods with high levels of competitive microflora (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . In 1990, the International Organization for Standardization (ISO) adopted it for use with food (12) . In 1995, AOAC INTERNATIONAL adopted it for use with raw flesh, highly contaminated foods, and poultry feed (13) .
AOAC 995.20 replaced selenite cystine (SC) broth with RV medium and increased the incubation temperature of tetrathionate (TT) broth from 35 to 43°C. These changes enhanced recoveries of Salmonella from foods with a high microbial load and removed SC broth from the method. SC broth contains selenium at a toxic level high enough to be labeled as a hazardous waste by the U.S. Environmental Protection Agency (14) . Selenium, at high levels, has been reported to be embryotoxigenic and teratogenic in animals (15, 16) and toxic in humans and to cause "blind staggers" and "alkali disease" in livestock (16) .
A recent precollaborative study compared the relative efficiencies of SC broth incubated at 35°C, TT broth at 35 and 43°C, and RV medium at 42°C for recovery of Salmonella spp. from foods with a low microbial load (17) . SC and TT broths were prepared from commercial dehydrated media; RV medium was made from its individual ingredients. There were no overall significant differences among the selective enrichments (p < 0.05) for recovery of Salmonella from 20 of the 21 low microbial load foods examined. For guar gum, however, SC broth detected significantly more Salmonella-positive test portions than did RV medium. TT broth incubated at 35°C detected a greater number of Salmonella-positive test portions from the 21 foods than did the other selective enrichment/temperature combinations. These results suggest that it may be possible to replace SC broth with RV medium for foods with a low microbial load and have a Salmonella culture method with a single selective enrichment step for all foods. A collaborative study examining the relative efficiencies of SC broth (35°C), TT broth (35 and 43°C), and RV medium (42°C) was conducted.
Collaborative Study

Design of Study
Five low microbial load foods (dry active yeast, dried egg yolk, ground black pepper, guar gum, and instant nonfat dry milk) were examined. These foods were artificially contaminated with single Salmonella serovars and aged at room temperature (20-25°C) for a minimum of 2 weeks. The foods were inoculated to provide target levels of ca 0.4 (high) and 0.04 (low) Salmonella colony forming units (cfu)/g test portion on the day analysis was initiated. Collaborators were sent 15 randomly numbered test portions (5 high level, 5 low level, and 5 uninoculated controls) of each food type. They were instructed to hold the test portions at room temperature (20-25°C) until the day of analysis and were given a schedule listing the day of initiation of analysis for each food. The Associate Referee performed 3-tube most probable number (MPN; 100, 10, 1, and 0.1 g) analyses of each food type on the day of initiation of analysis.
Collaborators pre-enriched 25 g test portions from each food as recommended by AOAC 967.26. When there was no Official Methods of Analysis (OMA)-recommended pre-enrichment, collaborators pre-enriched test portions as recommended by the Bacteriological Analytical Manual (BAM; 18). After pre-enrichment, they selectively enriched the pre-enrichments in SC broth (35°C), TT broth (35°C), TT broth (43°C), and RV medium (42°C) and followed the BAM/OMA method thereafter. Note: for selective/differential plating, collaborators were instructed to follow the BAM method and transfer a minimum of 2 presumptive-positive colonies from each plate that had growth.
Preparation of Inocula
Brain heart infusion (BHI) agar slants were inoculated with single Salmonella serovars obtained from the stock culture collection of the U.S. Food and Drug Administration (FDA)'s Microbiological Methods Development Branch, Division of Microbiological Studies. The BHI slants were incubated for 18-24 h at 35 ± 2°C. Growth from the slants was inoculated into BHI broth, which was incubated for 18-24 h at 35 ± 2°C. Two 10 mL portions of the broth were centrifuged at 3090 × g, washed twice with Butterfield's phosphate buffer solution (BPB), and resuspended in BPB. Serial decimal dilutions were performed in BPB.
Five mL volumes from the diluted Salmonella culture suspension were mixed with equal volumes of sterile 20% (w/v) reconstituted nonfat dry milk. The cell suspensions were placed in lyophilization vials, shell frozen in ethanol at -60°C, and lyophilized for 24 ± 2 h in a freeze dryer (Virtis Co., Gardiner, NY).
Inoculation of Foods
All of the low microbial load foods were inoculated as follows: Dried foods were inoculated with the lyophilized cell suspensions, prepared as described above, to obtain low and high target inoculum levels of 0.04 and 0.4 Salmonella cfu/g test portions, respectively. The lyophilized cultures were ground to a fine powder with a mortar and pestle. The powdered inoculum was added to ca 50 g uninoculated test food in a sterile plastic bag. The bag was shaken until the inoculum appeared to be evenly distributed throughout the food. The inoculated food was added to 4.5 kg bulk food and thoroughly mixed manually. The food was held at room temperature (20-25°C) for a minimum of 2 weeks to allow the cells to equilibrate in the food matrix. The inoculated food was remixed on the day it was weighed for shipment.
Shipment of Foods
Laboratory samples (ca 30 g) were weighed into sterile stomacher bags, heat-sealed, and marked with identification numbers. They were then double bagged and heat-sealed for a second time before being shipped by overnight shipper in biohazard shipping containers at ambient temperature.
Analysis of Foods
Collaborators analyzed fifteen 25 g test portions of each laboratory sample that they received. The test portions were pre-enriched for 24 ± 2 h at 35 ± 2°C as recommended by the OMA/BAM method. One mL aliquots from the incubated preenrichments were subcultured to 10 mL portions of SC broth and to two 10 mL portions of TT broth. In addition, 0.1 mL aliquots were subcultured to10 mL portions of RV medium. SC broth and one TT broth tube were incubated for 24 ± 2 h at 35 ± 2°C. RV medium and the second TT broth tube were incubated for 24 ± 2 h at 42 ± 0.2°C and at 43 ± 0.2°C, respectively. The selective enrichment broths were streaked to bismuth sulfite (BS), Hektoen enteric, and xylose lysine desoxycholate agars and incubated for 24 ± 2 h at 35 ± 2°C. At least 2 typical colonies, when present, were transferred from plates with growth to triple sugar iron agar (TSI) and lysine iron agar (LIA) slants. The slants were incubated for 24 ± 2 h at 35 ± 2°C. BS agar plates were again incubated for 24 ± 2 h at 35 ± 2°C. Colonies from BS plates were picked after 48 ± 2 h if none were picked at 24 ± 2 h or if the TSI/LIA slants, from plates picked at 24 h, produced atypical results. Collaborators were instructed to confirm one presumptive-positive isolate from each selective enrichment/temperature combination that produced presumptive-positive growth. Presumptive-positive isolates were screened biochemically by the OMA/BAM method or with an AOAC-approved biochemical test kit as in AOAC 978.24, 989.12, or 991.13. Screened isolates were confirmed serologically by the OMA method.
Media and Reagents
All media and reagents, except guar gum pre-enrichment medium (lactose broth with 0.01% cellulase), were prepared according to procedures recommended by AOAC 967.25, 978.24, 989.12, and 991.13. The guar gum pre-enrichment medium was prepared according to the procedure recommended by the BAM. Collaborators were instructed to prepare RV medium from its individual ingredients by the formulation listed in the OMA/BAM method, and to use only malachite green oxalate dye and cellulase supplied by the Associate Referee. Both of these reagents were from single production lots to eliminate potential lot-based variation that might otherwise occur.
Statistical Analysis
Data were analyzed statistically by McNemar's test for each enrichment by food type and inoculation level (19) . Differences were considered significant at p < 0.05. Sensitivity rates were calculated as the number of positive tests for a particular selective enrichment divided by the number of known positives (20) . Unlike other studies where a method is compared to the reference method, this study compared 4 selective enrichments. Therefore, known positive test portions were defined as the number of tests positive by any one or more of the 4 selective enrichments. Test portions were determined to be positive only after they were cultured. Specificity rate is the ratio of the number of test negatives to the number of "known negatives." "Known negative" is defined as an uninoculated control. (e) Dry active yeast.-Aseptically weigh 25 g test portion into 500 mL wide-mouth jar, B(b), or other appropriate container. Add 225 mL Trypticase soy broth, C(a), and mix well to form a smooth suspension. Cap securely and let stand at room temperature (20-25°C) for 1 h. Mix well by swirling and determine pH with test paper, C(b). Adjust pH, if necessary, to 6.8 ± 0.2 with 1 M NaOH, C(c), or HCl, C(d); cap securely, and thoroughly mix contents before determining final pH. Incubate for 24 ± 2 h at 35 ± 2°C.
(d). (n) Triple sugar iron agar (TSI).-967.25A(g). (o) Lysine iron agar (LIA).-967.25A(m)(1).
D. Preparation of Test Suspensions
E. Isolation
(a) Growth in selective broth.-Gently shake incubated test suspension, D(a), (b), (c), or (e), and transfer 0.1 mL to 10 mL RV medium, C(h), and an additional 1 mL to 10 mL TT broth, C(i). Gently shake incubated test sample mixture, D(d), and transfer 1 mL to 10 mL SC broth, C(j), and an additional 1 mL to 10 mL TT broth, C(i). Incubate RV medium 24 ± 2 h at 42 ± 0.2°C in a circulating water bath, B(g). Incubate selenite cystine broth 24 ± 2 h at 35 ± 2°C, B(d). Incubate tetrathionate broth 24 ± 2 h at 35 ± 2°C.
For low microbial load foods, other than guar gum, mix with Vortex mixer, B(m), and streak 3 mm (10 µL) loopful of incubated RV medium on selective enrichment plates of BS agar, C(k), HE agar, C(l), and XLD agar, C(m). Repeat with 3 mm (10 µL) loopful incubated TT broth. Incubate plates 24 ± 2 h at 35 ± 2°C. BS plates should also be examined after 48 ± 2 h of incubation.
For guar gum, mix with Vortex mixer, and streak 3 mm (10 µL) loopful incubated SC broth on selective enrichment plates of BS agar, HE agar, and XLD agar. Repeat with 3 mm (10 µL) loopful incubated TT broth. Incubate plates 24 ± 2 h at 35 ± 2°C. BS plates should also be examined after 48 ± 2 h of incubation.
(b) Appearance of typical Salmonella colonies.-(1) On XLD, C(m).-Pink colonies with or without black centers. Many Salmonella colonies may have large, glossy black centers or may appear almost completely black. Atypically, a few Salmonella cultures produce yellow colonies with or without black centers. (2) On HE, C(l).-Blue-green to blue colonies with or without black centers. Many Salmonella colonies may have large, glossy black centers or may appear almost completely black. (3) On BS, C(k).-Brown, gray, or black colonies, sometimes with a metallic sheen. Surrounding medium is usually brown at first, turning black with increasing incubation time. Some strains produce green colonies with little or no darkening of surrounding medium.
Examine XLD and HE plates for Salmonella colonies after 24 ± 2 h of incubation at 35 ± 2°C. BS plates should be examined for Salmonella colonies after 24 ± 2 h and 48 ± 2 h of incubation at 35 ± 2°C.
F. Treatment of Colonies
(a) Inoculation of TSI agar, C(n), and LIA, C(o).-Pick with needle 2 or more colonies, if present, from each XLD, C(m), HE, C(l), and BS, C(k) plate having growth. Inoculate TSI slant with portion of each colony by streaking slant and stabbing butt. After inoculating TSI with needle, B(j), do not obtain more inoculum from colony and do not heat needle, but inoculate LIA. Store picked selective plates at 5-8°C or at room temperature (20-25°C).
(b) Presumptive reactions.-Incubate TSI, C(n), and LIA, C(o), slants at 35 ± 2°C for 24 ± 2 h. Cap tubes loosely to maintain aerobic conditions while incubating slants to prevent excessive H 2 S production. Salmonella cultures typically have alkaline (red) slant and acid (yellow) butt, with or without H 2 S (blackening of agar) in TSI. In LIA, Salmonella cultures typically have alkaline (purple) reaction in butt. Consider only a distinct yellow coloration in butt of tube as an acidic (negative) reaction. Do not eliminate cultures that produce discoloration in butt solely on this basis. Most Salmonella cultures produce H 2 S in LIA. Retain all presumptive positive Salmonella cultures on TSI (alkaline slant and acid butt) agar for biochemical and serological tests whether or not corresponding LIA reaction is positive (alkaline butt) or negative (acid butt). Do not exclude a TSI culture that appears to be non-Salmonella if the reaction in LIA is typical (alkaline butt) for Salmonella. Table 1 lists the 23 collaborators that participated in this study. Fifteen collaborators analyzed all 5 foods, one analyzed 4 foods, one analyzed 3 foods, 3 analyzed 2 foods, and 3 analyzed one food.
Results and Discussion
Participation of Collaborators
Dried Egg Yolk
Eighteen laboratories received dried egg yolk test portions (Table 2) . Data from the following laboratories were excluded from statistical analysis for the reasons indicated: Laboratory 5 did not perform biochemical screening tests on presumptive-positive Salmonella isolates, and Laboratories 11 and 20 isolated Salmonella from uninoculated control test portions. Thus, a total of 15 complete data sets was analyzed for this food. The high and low levels of Salmonella in the dried egg yolk on the day analysis was initiated was 0.023 and 0.009 cfu/g test portion, respectively (Table 3) . No significant differences (p < 0.05) were observed among the selective enrichment/temperature combinations (Table 4) .
Dry Active Yeast
Nineteen laboratories received active dry yeast test portions (Table 5) . Data from the following laboratories were excluded from statistical analysis for the reasons indicated: Laboratory 11 did not perform biochemical analysis on presumptive-positive Salmonella isolates, Laboratory 13 isolated Salmonella from uninoculated control test portions, Laboratory 17 did not perform serological tests to confirm presumptive-positive isolates as Salmonella; and Laboratory 20 used SC broth instead of LT broth. Laboratory 16 reported that TT broth (43°C) was incubated at 44.5°C instead of 43 ± 0.2°C, as specified. In this case, the data set was included in the statistical analysis because the elevated temperature did not prevent the growth and identification of Salmonella. It can be surmised that because there was no difference in recovery of Salmonella among the selective enrichment/temperature combinations when TT broth was incubated at 44.5°C under conditions potentially adverse to the organism's growth and proliferation, there would have been less difference, if any, among selective enrichment/temperature combinations if the TT broth had been incubated at 43 ± 0.2°C. Moreover, the pair-wise comparisons among the other media were still valid because the media were incubated as required and all of the isolates were confirmed as Salmonella. A total of 15 complete data sets was statistically analyzed for this food.
The high and low levels of Salmonella in the dry active yeast on the day analysis was initiated were 0.092 and Selenite cystine broth
Tetrathionate broth (35°C)
Tetrathionate broth (43°C) 
0.074 cfu/g test portion, respectively (Table 3) . RV medium recovered significantly more Salmonella-positive test portions than did LT broth from the yeast inoculated at the low level (Table 4 ). There was no significant difference among selective enrichment/temperature combinations for high level yeast (Table 4) .
Ground Black Pepper
Seventeen laboratories received ground black pepper test portions (Table 6 ). Data from the following laboratories were excluded from statistical analysis for the reasons indicated: Laboratories 4 and 15 isolated Salmonella from uninoculated control test portions, Laboratory 5 did not perform biochemical analysis on all presumptive-positive Salmonella isolates, and Laboratory 17 did not perform serological tests to confirm presumptive-positive isolates as Salmonella. Laboratory 16 reported that tetrathionate broth (43°C) was incubated at 44°C instead of 43 ± 0.2°C, as specified. In this case, based on the reasoning presented above for active yeast, the data set was included in the statistical analysis. A total of 13 complete data sets was statistically analyzed for this food. The high and low levels of Salmonella in the ground black pepper on the day analysis was initiated was 0.427 and 0.042 cfu/g test portion, respectively (Table 3) . No significant differences (p < 0.05) were observed among the selective enrichment/temperature combinations (Table 4) .
Guar Gum
Eighteen laboratories received guar gum test portions (Table 7). Data from the following laboratories were excluded from statistical analysis for the reasons indicated: Laboratories 8 and 23 reported Salmonella-positive uninoculated control test portions, and Laboratory 11 did not perform biochemical analysis on all presumptive positive Salmonella isolates. A total of 15 complete data sets was statistically analyzed for this food. The high and low levels of Salmonella in guar gum on the day analysis was initiated was 0.092 and 0.009 cfu/g test portion, respectively (Table 3) . SC broth recovered significantly more Salmonella-positive test portions than did RV medium from the high level guar gum (Table 4) . There was no significant difference among the selective enrichment/temperature combinations for low level guar gum (Table 4) .
Instant Nonfat Dry Milk
Eighteen laboratories received instant nonfat dry test portions (Table 8) Lauryl tryptose broth
Tetrathionate broth (43°C) Selenite cystine broth
Rappaport-Vassiliadis medium Selenite cystine broth
Rappaport-Vassiliadis medium
cluded from statistical analysis for the reasons indicated: Laboratories 5 and 11 did not perform biochemical analysis on all presumptive-positive Salmonella isolates, and Laboratory 17 did not perform serological tests to confirm presumptive-positive isolates as Salmonella. Laboratory 10 reported that tetrathionate broth (43°C) was incubated at 48°C for 4-8 h (the remainder of the incubation period was at 43 ± 0.2°C) instead of at 43 ± 0.2°C for 24 ± 2 h, as specified. In this case, based on the reasoning presented above for yeast and ground black pepper, the data set was included in the statistical analysis. A total of 15 complete data sets was statistically analyzed for this food. The high and low levels of Salmonella in instant nonfat dry milk on the day analysis was initiated was 0.231 and <0.004 cfu/g test portion, respectively (Table 3) . No significant differences (p < 0.05) were observed among the selective enrichment/temperature combinations (Table 4) .
Conclusions
RV medium was superior to LT broth for the recovery of Salmonella from dry active yeast. RV medium was equivalent to SC broth for the recovery of Salmonella from dried egg yolk, ground black pepper, and instant nonfat dry milk. SC broth was superior to RV medium for the recovery of Salmonella from guar gum.
In both the earlier precollaborative study (17) , and in this collaborative study, RV medium was inferior to SC broth for recovery of Salmonella from guar gum. In the precollaborative study, 2 different Salmonella serovars and 2 different brands of guar gum were used. For both serovars and brands, RV medium recovered significantly fewer Salmonella-positive guar gum test portions than did SC broth. In this study, the same strain of S. montevideo and one of the same brands of guar gum were used as in the precollaborative study. These results demonstrate that the use of RV medium is not indicated for recovery of Salmonella from guar gum.
In this study and in the earlier precollaborative study, TT broth incubated at 35°C recovered more, but not significantly more (p < 0.05), Salmonella-positive test portions than did TT broth incubated at 43°C. In this study, TT broth (35°C) recovered 352 Salmonella-positive test portions from all 5 foods, and TT broth (43°C) recovered 344 Salmonella-positive test portions. In the earlier precollaborative study, TT broth (35°C) recovered 1025 Salmonella-positive test portions from all 21 foods, and TT broth (43°C) recovered 1015 Salmonella-positive test portions. The results from these 2 studies suggest that it may not be prudent to raise the incubation temperature of TT broth from 35 to 43°C for all foods, because some Salmonella-positive test portions might otherwise be missed.
The results from this study and the prior precollaborative study indicate that RV medium can replace SC broth for use with foods with a low microbial load, except guar gum. In the earlier precollaborative study, SC broth did not differ significantly (p < 0.05) from RV medium for recovery of Salmonella from 20 of the 21 low microbial load foods examined. In this study, SC broth did not differ significantly from RV medium for recovery of Salmonella from 3 of the 5 low microbial load foods. Additionally, in this study, RV medium recovered significantly more Salmonella-positive dry active yeast test portions than did LT broth. To replace SC broth with RV medium, only equivalence between the 2 media needs to be shown. This study and the earlier precollaborative study have demonstrated overall equivalence between the 2 media for foods with a low microbial load. The replacement of SC broth with RV medium will benefit the analyst in 2 ways: (1) There will be only 2 selective enrichment media for all foods, except guar gum, and (2) the exposure to and the expense of disposing of a hazardous waste will be reduced. Moreover, if an analyst misidentifies a processed food as having a low microbial load when it has a high microbial load, then RV medium should recover Salmonella where SC broth might not.
Recommendations
On the basis of this study, it is recommended that the selective enrichments TT (35°C) and RV (42°C) be used for all low microbial load foods, except guar gum. For guar gum, it is recommended the selective enrichments SC (35°C) and TT (35°C) be used.
